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Abstract: The occurrence of dental caries is mainly associated
with oral pathogens, especially cariogenic Streptococcus
mutans. The aim of this study was to isolate and characterize
lactic acid bacterium showing inhibitory activity against
cariogenic Streptococcus mutans. As results, an isolate with
strong inhibitory activity was obtained from Kimchi and it
was identified as Lactobacillus sakei by API and 16S rRNA
gene analyses. This strain secreted an inhibitory compound
in cell growth medium and the activity of the compound was
completely disappeared by proteinase K revealing the fact
that the compound is proteinous substance, bacteriocin. Optimal
culture condition for bacteriocin production by Lb. sakei K-7
was at pH 7.5 and 37°C for 18 h. Oral administration of this
isolate may give anticariogenic and probiotic effects on hosts.
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7r37d Agko =z XA (plaque)] PAEC], &41E EFY 9
FEArgololal] MR = vl Aol njdE FollA
Streptococcus mutans”} AA412] T 1ol [1,2], o] 7]
AYEL- 28] F]ute] Faksl £ AJSK= glucosyltransferase
(GTase)°ll oJslod S21%& 52 sucrose =HE B8/ glucan
S st} 4 glucan A|HollA A8k vAE
o] Agks S7M7IH, Aol 25 St mutans= $H
Oxbgella 2k 59 f7 ks ABdste] x|ote] ofupd
25 €3] (decalcification) A # FX|5 31} [3].

Htolls Tl ERAR] 3] 28-S 7 ks
Hasl7] SIIA 1) St mutans 2] S48 ABHE 2 [4,5]
2) sucrose ZH-E glucan®Joll #oIsH= GTase&/d #I3l]
8- 16,7], 3) St. mutans7} WAFSHA] 33H= sucrose T Al
s AR 5 Az Y 352 248 Feletast
sh= A97F A== AT (8]

A= 8 3] AE HaAEow tekst fAkto]
AFste] 28 ool JAlatel Wy SAka 5o Jdst
2 717} Q1 HHA 1X]of] thgh =A1A] $4lo] FobA|aL
AT} [9]. oI5 AR B AdujAlaze] F-atsto] et
HHE| A1, 2 9 71EF RIS EAdste] Mdits ol
At Btell &gt m4 RS Ak, |54 TEAE
sk, gl el vdEe] St A2 7RIY [10,11].

upeha] 2 AFeAE At EAEl A2 FA
FHt T ¥ ZQL St mutans©l| St & o] ot
rhte g W ek, Fe ko] Adshks vl
gl ele] o]glelA] SAs 2Absto] AetAl Tie] Ths il
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2. 4% R 9y

2.1. 88
BTl AgE A B T P E U Awg
AA e Fslnt.

22 A48 F=

A DL Sl AR A e dEmAE A
HAE] (Korean Collection for Type Cultures, KCTC)®lI4]
FoF Wk St mutans KCTC3298 % -5 ARSI

23. @A B4 fAE £

25 AAAR (10 @& I F DAA SR 34510 MRS
AR o] = s3It 37°CollA 244131 vl qfeto] Abst
colony®l] 5 mL BHI 244]| (calf brain 7.7 g, beef heart 9.8 g,
proteose peptone 10 g, dextrose 2 g, sodium chloride 5 g,
disodium chloride 2.5 g/L, pH 7.4, BD Co.), soft agar
(0.7%, w/v)oll T2 773 = (St. mutans KCTC3298, 1 x
10° CFU/mL)E 0] E3ts}e] atafulA] “dellx Aalist B4
= AR o, Bk AT kS EA] e Ad
TFE 12 Adsisin

24. 355 ER A

12k2 227 @55 37°CollA 244131 Adufeket 5 50 mL
Lactobacilli MRS broth HJ%] (proteose peptone NO. 3,
10 g, beef extract 10 g, yeast extract 5 g, dextrose 20 g,
polysorbate80 1 g, ammonium citrate 2 g, magnesium
sulfate 0.1 g, manganese sulfate 0.05 g, dipotassium
phosphate 2 g, sodium acetate 5 g/L, pH 6.5, BD Co.)°]l
1% 33Este] 30 Collx] 184]7F uieksISltt. wiekols €4
2] (3,000 x g, 10 min, VISION) 3}0] AF5HS 3]5=5}a1,
membrane filter (0.45 pm pore size) = At SFAL A3k
e Aol EEEPE olgsio] E=BISI

2.5. dte| 2] 2 41 &4 812l

2] RrEe] ] 49 e Al AA -7 Paper
disc diffusion assay %S o]gsto] ISt [12,13].
o] 170 FEA 2 S574sH] fl@l MRS A v
1ol paper disc (8 mm)E =8 F § ZAIS HHH|E L
Al fAS-50 WL STAI713L A 15721 St mutans soft
agars 55013tk ©]$37°C vjokr|olA 2447k viekAIZ]
< disc 9 AR 712 FFA] S SISk

2.6. F3X A AN 53

A &4 FAb e 5742 Bergey’s Manual of
Determinative Bacteriology 2] *Hell wie} Jefjs) 2l A3}
2 EAS zAkIGITH [14]. A S L%, T3 g,
-5, catalase test, CO, 4 -7 % API 50CHL kit
(Biomerieux, Lyan, France)E ARt €kr3slz kg oFiF
= AL BIlom, HEX O E 16S RNA genes 559t
o] 8] frktE 79313t} Genomic DNA Walter ‘&

o] ¥ [15]] wt F2lsklem, 16S rRNA FA=
=23)7] 9)3F primersi= 27F primer (AGAGTTTGATCM
TGGCTCAG)®} 1492R primer (TACGGYTACCTTGTTA
CGACTT)E A3 11, PCRZA initial denaturation
5% 18]21 94°CollA 45%7F denaturation, 55 CollA 60%
7t annealing & 72°Cof|X] 6037} extension®] cycle= 353]
AT, 16S IRNA 7141 &1 (F)SolgentA}ell
ISP ETSE

2.7. 33X 229 o|35HA A £ AL
Z5E 71l aae] uigk &k 21719 bufferel 5o FHE
F5 2 mg/mLE Y= trypsin (13,500 U/mg, 50 Mm Tris-
HCI, pH 7.5), lipase (12 U/mg, 20 Mm Tris-Hcl, pH 6.5)
a-chymotrypsin (83.9 U/mg, 50 mM Tris-HCI, pH 8.0),
a-amylase (519 U/mg, 0.1 M sodium phosphate, pH 7.0),
12]31 proteinase K (30 U/mg, 0.01 M Tris-HCI, pH 7.9,
0.005 M EDTA, 0.5% SDS)E HjA53} 377 Cof|A 34|
1 RESAIR T 80 CollA 23431 7hdste] a4-8 E2A
stAIZITE. “12]31, proteinase K= 45 CollA 12A17F HEg-
A7t BHelE] 941 848 St mutans KCTC 3298¢] thsh
Asige] Y FEE BNekT Ea BAT 2ol
N R C: ES A E

Aol thak QPN ool TiE QPR S) ZARs Az B
H2 Al 8-S 40, 60, 80, 100 2 121 ClA] 242} 30+
T 6077 IAT] g & FEshs vhe] eale] e
= S5t

pHell gk F84: pHell tish vtee] @419 b=
ZAKsE] flste] it AR Hhe] 22418 10N NaOH$}
10N HCIZ pH 2.0°14 11.07F4] Z783 § 220l 4] 1A3F
W2 § htedS SAskelH

F71&ulel gt QPgA: 71 8wllell thet g A ES
chloroform, isopropanol, hexane, ethanol & acetonitrile
Tu Az vEHg e &3 22 Hy] vlEgR £3
(1 :1)3}o] 22 (25°C)elA 1ARE WA|3E 5, JEsl= vt
glexle] S SAToEM oy {714l digt
uHH|P] 2419 PAS ARSI

2.8. W% AJZto] w2 F3-2 EZ 9 P4k

Zake Bhe|] 941 AAEFT-E MRS brothell %3] 37C
of|A] 40417 Bt viekslEA] A AZPEE wljFS A
ste] OD ks 574 4 etEde &dusts S35kt
St B0 AWstE S7sh] flete] miekdE 3,000 x
golA 1037 AEEst] dA1E AlASEL, doX s
oS membrane filter (0.45 pm pore size) = 33} cell-
free supernatantE A Uy 352 &4 SAsISIT

3.9 9 g
3.1. 32 4 fANe B8 2 53

FeA| Be 7R ks 2] flaiA A FE
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of e AARTS X R St mutans 2} SFHNE
SHAaL 7} colony 2] A&lidke] 2715 S8kt 1 A3
Al o] 7P st fkts HEA o ® Adeiglar
K-70% Wrgsial & Ao ARSI

] frhtE dus o] 8ste] FejERo=w st
A} K-72 1% 9] 1telqltt. API kit (S0CHL)E
olgsto] et EAS nlwst A}, T AT Lb. sakei
KCTC 36032} 7P =2 54/d-5 X131 galactose, maltose,
L-arabinose UAFsEolA 2lo|RE Hol FAlT9 5 &
e Foll Fobe A= A= Ut (Table 1).

Table 1. Morphological and biochemical characteristics of isolates
K-7 from Kimchi

Characteristics Isolate K-7 Lactobacillus sakei KCTC3603

Gram stain/Shape +R® +/R
Growth in aerobic/anaerobe ++ +/+
Carbohydrates

Sucrose + +

Galactose . +

Maltose W +

L-Arabinose - +
R, Rod.

b Negative, -; positive, +.
“W, Weak reaction.

5 2 AR FAERE ol8ate] skt 168
RNA F3AE S531aL, 1530 bp 7] 9714ES %
S+ A3} Lb. sakei?} 98%°] FAMIS Hol 919 AstelH
A} s A JERSlt) dolxl AaE vige
B8] GAES Lb. sakei K-70%2 ™ 31101, 16S rRNA
database 5 EUIZ Phylogenetic trees 2/J3F31aL (Fig 1),
2 10 X = Gene Bank database®ll 55313t}
[AB650590].
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Fig. 1. Cell growth and bacteriocin production of Lactobacillus sakei
K-7 in MRS broth. (A) optical density 600nm (m) anticariogenic
activities against Streptococcus mutans. (One arbitrary unit (AU)
was defined as the reciprocal of the highest dilution showing a clear
zone of growth inhibition of the indicator strain).

3.2. 74 vre| 2| 2419 o318t B4
] ARt Lb. sakei K-70] Aitehs &5 SHEAS

FFehe gl 215 W 2ol 845 2 mgmLe] 5
7} HES Akslel HSA7 F AR e SA% A3,
proteinase K, trypsin %! chymotrypsin®l] 2J3l|4] St&4do]
2AE WEH g-amylase &} lipase 2|4 SerEAdo] 42l
5% ko) A Bo] whzlel uhele] 921908 o 5+ 9)
ST} (Table 2).

Table 2. Effect of various enzyme treatments on the bacteriocin

activity of the supernatant partially purified from Lactobacillus
sakei K-7

Treatment Residual bacteriocin activity
Control * +°
a-Amylase +
Proteinase K -
Trypsin -
Lipase +
Chymotripsin -

*Non enzyme treated sample; St. mutans KCTC 3298 was used as
an indicator.

Culture supernatant was mixed with enzyme solution at a final
concentration of 2 mg/mL.

b Degree of clear zone by growth inhibiton: + positive; - negative

B Aqrol E2l3t Lh. sakei K-70] AAksR= vHeg] 241
2 60-100 CellA] & A2 Aol wll$- PJSIATH (Table 3).
pHell tigt QP -5 Akl f18te] wle) s
Tt A 5 gHef| ehFgdS Ttsto] pHE 28 sH F &
=S Sk Ao, e 57 ks vl Al
pH 3.0-7.00l4] ojuist &4 o] A2glo] QPgetglar 1 ¥he
WLl M= Fak o] Fhashs B3-S Uepfglon 1
o] HdsAl A EA] = kot

w3k, f718ulo] thet QP43 2] 79 hexane, chloroform,

acetone, acetonitrile, isopropanol, ethanol= #F 5% 50%

(vv)E At A et Hsr gl o= Hot
F7] ol WS- QPgEhe Sl & S QIgleh (Table 3).

Table 3. Effects of heat, pH, and organic solvents treatments on the
activity of bacteriocin from Lactobacillus sakei K-7

Treatment Relative antimicrobial activity (%)
Control 100
60°C 30, 60 min 100
Heat 80°C 30, 60 min 100
100°C 30, 60 min 100
121°C 15 min 30
3 100
5 100
pH® 7 100
9 50
11 50
Hexane, 100
Chloroform, 100
Solvents *  Acetonitrile, 100
Isopropanol 100
Ethanol 100

*Final concentration of solvent was 50% (v/v).
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3.3 ¢ 7|17 v g 2.4l g4t

Lb. sakei K-7 T=2] wljleA|te)] mhE 4721418 MRS A
Hiz|e A At Ao, 18417 ) OD kel 1.5714]
Asisict (Fig. 2). 354 549 28 S7st 49, /=
7158 A TCl St mutans©ll TigE AAEAS Ho)Y)
A2kl o, A7)0 80 AU/MLS] Ho) SeHidS el
wiSlth. 12]ar 18AIRF o] 558 S ASHA Pt do] Eo
Rt garEd o] &/do] AA7|E A ApET]e] R
A FASHA AslERE @2 the AN fAkto] ke
vhee] 2218 vjekEAd e} wi-g- FALISITE [16]. 3ntedo]
FAH AT ol R e T Fallaae o)k vhEE]
Al EZo] Hall, ezl §3], 22|an v eal Ak
o Alxze] oigh 52k o2 A Sl [17].

Escherichai coli (JO1859)

Bacterium Te52 (AY587792)
Lactobacilus sp.(GQ246665)

Lactobacillus curvatus (FJ75179)
Lactobacillus curvatus (AM113777 )

Lactobacillus graminis (AM113778 )
L illus graminis (AJ621551 )
[

—L Lactobacillus sakei (CR936503)

Lactobacilus sp. (EF370992)

001 Lactobacillus casei (D16553)

Fig. 2. Phylogenetic analysis of the isolate, K-7 and realted bacteria
of the Lactobacillus group based on 16S rRNA gene sequence
comparisons.
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rRNA $71M4E 48 Fd 22 455 5793 4% Lb.
sakeiZ SR1E31, Lb. sakei K-70.2 ™ 3} 01, o]
759 F474K = Gene Bankoll S48 [AB650590].
Hj A 7 o) W2 Lb. sakei K-72) OD#FF 2 &3] 43S
7% Ao, 18217 o]1F | OD 1.5 3k BSlo, a5
L F27]ell vERP] AlRkste] A1714 80 AU/mMLE
HFES Ho|thr} o] K EAdS et vl
A0 7 gSEE IoA] BAL 60-100 C7H] Ede FA
sI3om, pHe 771 grfel tisliA % vl Fgsisict.
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